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TECHNICAL FIELD 
[0001] 

The present invention relates to a method for 
estimating by simulation distribution data of values of 
10 connection loss of optical connectors used for optical 
communications, and to a simulator using the method. 
BACKGROUND 
- [0002] 

Recently, for increasing volume of information in 
15 communications, optical communications with optical fibers 
have been used. In the optical communications, an optical 
connector is used for connecting the optical fibers with 
each other. 
[0003] 

20 A plug 10, which is used for the optical connector, a 

tubular ferrule 1 is fixed beforehand with an optical fiber 
protector 2, as shown in Figs. 18 and 19, and a jacketless 
front tip of an optical fiber 3 is inserted and fixed using 
adhesives into a through-hole la formed in the ferrule 1. 

25 A pair of the ferrules 1 is inserted into both sides of a 
sleeve 5. Front end faces lb of the ferrules 1, which are 
polished in convex spherical shapes, are made in contact 
with each. other inside the sleeve 5. 
' [0004] 

30 Optical characteristics of the above-mentioned optical 



connector is measured after assembling the optical 

• ft 

connector to guarantee optical connection with low loss and 
low reflection. The measuring items includes connection 
loss exhibiting optical transmittance and return loss 
exhibiting optical reflectance at the connection portion of 
the optical connector, and at present these connection loss 
and the return loss are separately and manually measured. 
[0005] 

Figs, 20A and 20B are diagrams showing measurement of 
random connection loss of an optical connector. In the 
drawings, an LD light source 11, a reference optical cord 
12, an optical connector 12a, a reference optical connector 
12b, an adapter 13, an optical cord 14 to be measured with 
optical connectors attached on both edges, the optical 
connector 14a as a measuring object, the optical connector 
14b on the termination side, a light receiving unit 15, and 
a power meter 16 are provided. 
[0006] 

Here, the reference optical connector 12b, which is an 
optical connector with specifications identical to those of 
the optical connectors 14a and 14b as measuring objects, .is 
usually used by randomly picking up it among the same 
production lot as the optical connector to be measured. 
[0007] 

First, prior to measurement of connection loss of the 
optical connector, a reference of connection loss is set up 
in the measurement shown in Fig. 2 OA. The optical 
connector 12a on one end of the reference optical cord 12 
is connected to the LD light source 11, and the reference 
optical connector 12b is connected to the light receiving 
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unit 15. Exit light coming from the reference optical 
connector 12b is received via an air layer by the light 
receiving unit 15. Exit power PO from this reference 
optical connector 12b can be read using the power meter 16, 
5 This value is defined as a reference value for the 

connection measurement, i.e., connection loss of 0 dB. 
[0008] 

Next, in order to measure the connection loss of the 
optical connector 14a as a measuring object, the reference 

10 optical connector 12b is disconnected from the light 
receiving unit 15, to which the optical cord 14 to be 
measured is connected via the adapter 13, as shown in Fig. 
20B. Exit light coming from the optical connector 14b is 
received via an air layer by the light receiving unit 15, 

15 similarly to measurement of the reference value. In this 
case, exit power PI is measured using the power meter 16 
(ref. Japanese Examined Patent Publication 3,323,919).. 
[0009] 

Connection loss XL at a connection portion of an 
20 optical connector can be represented as the following 

equation, using said exit power PO, said exit power PI, 
transmission loss oc (dB/Km) of an optical fiber, and 
reflection loss p at the end face of the optical connector. 
[0010] 
25 (Equation 1) 

IL(dB) = -lQlog—'-a- 0 
[0011] 

Here, reflection at the end face of the optical 
connector is usually 0.01% or below and the reflection loss 



3 can be negligible because it is under resolution of the 
measuring instrument. Furthermore, in case of a single- 
mode optical fiber, the transmission loss a is 0.35 dB/Km 
or below. Therefore, in a case the optical cord to be 
measured has a length of 30m or shorter, the transmission 
loss a can be negligible because it is approximately 0.01 
dB as much as the resolution of the measuring instrument. 
In another case of the length of 30m or over, the 
transmission loss (oc/m) of the optical fiber can be 
measured or calculated beforehand. Accordingly, in both 
cases, the connection loss IL of the optical connector can 
be simply obtained by using the equation 1. 
[0012] 

For factors of connection loss in an optical connector, 
considered are axial misalignment between cores of optical 
fibers, orientation error between optical fibers, end face 
gap between optical connectors, inconformity in structure 
between optical fibers, and the like. In a general case of 
a single-mode optical fiber, axial misalignment between 
cores of optical fibers (referring to as "misalignment" 
hereinafter) is a primary factor. 
[0013] 

A main factor of the misalignment results from- 
accuracy of machining the through-hole la of the ferrule 1. 
But when an eccentric dimension which is required by a 
general single-mode optical connector is in a range of 
approximately 0.7 ]im or below, practical connection loss 
exhibits little correlation with a measurement of 
eccentricity of the through-hole la, since the eccentricity 
between the cores of the optical fibers does not always 
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coincide with the eccentricity between the through-holes la. 
In other words, a clearance of approximately 1 lam is 
required between the through-hole la of the optical 
connector and the optical fiber inserted into the through- 
5 hole la, and the optical fiber itself has a slight 
eccentricity of the core ' from a center of the outer 
diameter. Therefore, even if the through-holes la has no 
eccentricity, the misalignment may occur. 
[0014] 

10 Here, in case of connection of optical connectors for 

single-mode optical fibers, insertion loss IL (db) due to a 
misalignment d between optical fibers can be represented as 
the following equation, by measuring eccentricity of the 
core of the optical fiber 3 from a center of the outer 

15 surface of the ferrule 1 in each of the optical connectors. 
[0015] 

(Equation 2) 

ILJdB) = ~1 Olog^xp[^ {d/a>f J} 
[0016] 

20 wherein co is a radius of rriode field of the optical 

fiber. This equation can be developed into the following 

equation. 

[0017] 

(Equation 3) 

25 ILJdB) = A3A{dlo}f 

[0018] 

Here, if suppose o) •= 4.7 lam, the insertion loss IL^ 
(dB) due to the misalignment d between optical fibers is 
approximately 0.05 dB with the misalignment d of 0.5 lam, 
30 approximately 0.2 0 dB with the misalignment d of 1 ijm. 



approximately 0.79 dB with the misalignment d of 2 ]xm, 
respectively. Accordingly, as the misalignment between the 
optical fibers is larger, a change of the connection loss 
is further increased. 
5 [0019] 

For an approach for suppressing the increase of the 
connection loss due to misalignment, a connection method of 
so-called "tuning" is known. While performing a connection 
test of every plug with one master plug, and then turning 

10 the plug around the axis by 90 degree to find a direction 
with the least connection loss among four directions, and 
then the plug is marked so as to designate the particular 
direction. In case of practical connection, the plugs are 
connected with each other so that the marks thereof 

15 coincide with each other, thereby each direction of 

misalignment of the two plugs connected may reside in the 
same 90-degree range, so that the mutual misalignment can 
be canceled out to some extent, thereby suppressing the 
increase of the connection loss. A typical tuning is 

20 aiming to have the plugs reside in the same 90-degree range, 
and one direction is chosen among four directions, 
therefore, here it can be called 4-phase tuning. A general 
tuning, which can confine misalignment within a range of 
(3 60/m) degree, using a natural number m, can be called m- 

25 phase tuning. 
[0020] 

Next, a main factor of orientation error between 
optical fibers (referring to as "orientation error" 
hereinafter) results from angular misalignment of the 
30 through-hole la with respect to an outer, surface Ic of the 



ferrule 1. Here, insertion loss ILe (dB) of the optical 
connector can be represented as the following equation, 
using an orientation error 0 of an exit angle of the 
optical fiber 3 with respect to the outer surface Ic. 

[0021] 

(Equation 4) 

IL^(dB) = -I0log^xp[~ {mOolXfl 
[0022] 

wherein n is a refractive index of the optical fiber, 
and X is a wavelength of light in vacuum. This equation 
can be developed into the. following equation by 
substituting a typical refractive index 1.46 of an optical 
fiber for n. 
[0023] 

(Equation 5) 

IL^(dB) = 9\A{ea)/Xf 
[0024] 

Here, the insertion loss ILe (dB) due to the 
orientation error 9 between optical fibers is approximately 
0,014 dB with the orientation error 0 of 0.2 degree, 
approximately 0.08 9 dB with the orientation error 9 of 0.5 
degree, respectively. Accordingly, as the orientation 
error 9 is larger, a change of the connection loss is 
further increased, however, with less influence than the 
connection loss due to misalignment d. 
[0025] 

According to the Equations 1 and 2, as shown in Fig. 
21, a graph indicating misalignment, orientation error and 
connection loss was simply used, so that rough connection 
loss could be estimated based on orientation error and 
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misalignment of respective optical connectors (ref. 
"Optical Circuit For Single Mode Fiber", Section 3.1, NTT 
Electrical Communications Laboratories Technical Journal, 
Vol. 32, No. 3, pp. 675, 1983). 

[0026] 

In the conventional method of estimating connection 
loss, however, since misalignment can be caused by 
complicated factors, such as eccentricity of the ferrule, 
difference in diameter between the through-hole la of the 
ferrule and the optical fiber, coaxiality of a core of the 
optical fiber, it must be measured how the core of the 
optical fiber is decentered from the center of the outer 
surface after the optical fiber is fixed using adhesives to 
the ferrule. Further, in case of orientation error, it 
must be measured how the longitudinal direction of the 
optical fiber is tilted to the outer surface, i.e., an exit 
angle of light outgoing from the front end of the optical 
fiber, after the optical fiber is fixed using adhesives to 
the ferrule. The connection loss could not be estimated 
without the above-mentioned measurement. 
[0027] 

In other words, every sample must be actually 
assembled and measured, resulting in consumption of a large 
number of man-hours for preparing samples and measuring 
misalignment and orientation error thereof. 
[0028] 

Further, if samples are actually assembled, 
actual measurement value can be obtained by directly 
measuring connection loss, without respective measurement 
of an exit angle and misalignment. But in any case it 



takes a large nxomber of man-hours^ to measure connection 

loss . 

[0029] 

Furthermore, misalignment and orientation error 
measured by the conventional method are much complicated by 
dimension parameters of the optical fiber and the ferrule, 
hence it is hard to analogize how and what parameter has an 
influence on connection loss. 

DISCLOSURE OF THE INVENTION 
[0030] 

An object of the present invention is to provide a 
method for estimating connection loss of an optical 
connector and a simulator using the method, by which 
distribution data of values of connection loss of the 
optical connector can be easily obtained in no need of a 
large number of man-hours and costs. 
[0031] 

A method for estimating connection loss of an optical 
connector, according to the present invention, the optical 
connector including a ferrule, which has a through-hole 
along the longitudinal direction, and an optical fiber 
which is inserted and fixed into the ferrule, includes 
steps of: 

calculating axial misalignment based on both of at 
least distribution data of dimension parameters of the 
ferrule and at least distribution data of dimension 
parameters of the optical fiber; 

calculating connection loss based on the axial 
misalignment; and 
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simulating distribution^ of the connection loss. 
[0032] 

It is preferable in the present invention that the 
distribution of the connection loss is simulated by 
randomly extracting particular data out of both of at least 
distribution data of dimension parameters of the ferrule 
and at least distribution data of dimension parameters of 
the optical fiber, and then calculating the axial 
misalignment based on combination thereof, and then 
calculating connection loss based on the axial misalignment 
to obtain a plurality of connection loss data. 
[0033] 

Further, it is preferable in the present invention 
that, in the simulator for estimating connection loss, 
distribution data of angle parameters, which represents 
orientation error of the through-hole of the ferrule with 
respect to an outer surface thereof, reside in the 
combination. 
[0034] 

Further, it is preferable in the present invention 
that, in the simulator for estimating connection loss, 
distribution data of either dimension parameters or angle 
parameters of a split sleeve, or distribution data of 
connection loss of a split sleeve reside in the combination. 
[0035] 

Further, it is preferable in the present invention 
that, the axial misalignment is calculated based on 
clearance caused between an inner diameter of the ferrule 
and an outer diameter of the. optical fiber, and coaxiality 
between the outer surface and the through-hole of the 
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ferrule, and coaxiality between a^ core and a clad of the 

optical fiber. 

[0036] 

Further, it is preferable in the present invention 
5 that, the distribution of the connection loss is simulated 
by calculating the axial misalignment as single-plug axial 
misalignment, based on clearance caused between an inner 
diameter of the ferrule and an outer diameter of the 
optical fiber, and coaxiality between- the outer surface and 

10 the through-hole of the ferrule, and coaxiality between a 
core and a clad of the optical fiber, and then calculating 
paired axial misalignment using two data of the single-plug 
axial misalignment with axial misalignment due to a 
difference in outer diameter of the ferrule, and then 

15 calculating connection loss based on the paired axial 
misalignment • 
[0037] 

Further, it is preferable in the present invention 
that, the distribution of the connection loss is simulated 

20 by obtaining the total connection loss that is the sum of 
the connection loss calculated based on the paired axial 
misalignment, connection loss calculated based on paired 
orientation error, and the connection loss of the split 
sleeve. 

25 [0038] 

In addition, a method for estimating connection loss 
of an optical connector, according to the present invention, 
includes steps of: 

calculating each axial misalignment based on 
30 distribution data of dimension parameters of both of a 



hollow cylindrical single-core ferrule and an optical fiber 
inserted thereinto, and/or orientation error based on 
distribution data of angle parameters of a ferrules- 
calculating the sum of the axial misalignments and/or 
the orientation errors in terms of vector quantity in a 
plane perpendicular to an axial direction of the optical 
fiber and the ferrule; 

calculating distribution of axial misalignment and/or 
orientation error in a connection state; and 

calculating distribution of connection loss. 
[0039] 

In other words, the present invention can calculate 
the sum of either the axial misalignments or the 
orientation errors, or both of them, in terms of vector 
quantity in a plane perpendicular to the axial direction. 
[0040] 

Further, it is preferable in the present invention 
that, when the distribution of axial misalignment resulting 
from both of distribution data of dimension parameters of 
the ferrule and distribution data of dimension parameters 
of the optical fiber, and/or the distribution of 
orientation error resulting from distribution data of angle 
parameters of the ferrule are summed in terms of vector, an 
angle between two vectors of misalignment or orientation 
error to be summed is variable-transformed into a magnitude 
of a summed vector of misalignment or orientation error. 
[0041] 

Further, it is preferable in the present invention 
that, distribution data of either dimension parameters or 
angle parameters of a split sleeve, or distribution data of 



connection loss of a split sleeve are combined. 

• ■» 

[0042] 

Further, it is preferable in the present invention 
that, the axial misalignment is calculated based on 
clearance caused between an inner diameter of the ferrule 
and an outer diameter of the optical fiber, and coaxiality 
between the outer surface and the through-hole of the 
ferrule, and coaxiality between a core and a clad of the 
optical fiber. 
[0043] 

Further, it is preferable in the present invention 
that, the distribution of the connection loss is calculated 
by calculating distribution of single-plug axial 
misalignment by summing in terms of vector distribution of 
clearance caused between an inner diameter of the ferrule 
and an outer diameter of the optical fiber, distribution of 
coaxiality between the outer surface and the through-hole 
of the ferrule, and distribution of coaxiality between a 
core and a clad of the optical fiber, and then calculating 
paired distribution of axial misalignment by summing in 
terms of vector two distribution of the single-plug axial 
misalignment with distribution of difference in outer 
diameter of the ferrule, and then calculating distribution 
of connection loss based on the paired distribution of 
axial misalignment. 
[0044] 

Further, it is preferable in the present invention 
that, the orientation error is calculated based on a tilt 
of the longitudinal" direction of the through-hole of the 
ferrule to the outer surface thereof. • 



[0045] 

Further, it is preferable in the present invention 
that, the distribution of connection loss is calculated 
based on the paired distribution of orientation error which 
is calculated by summing in terms of vector two 
distribution of orientation error of the ferrule. 
[0046] 

Further, it is preferable in the present invention 
that, the distribution of the connection loss is calculated 
by obtaining the total connection loss that is the sum of 
the connection' loss calculated based on the paired axial 
misalignment, connection loss calculated based on paired 
orientation error, and the connection loss of the split 
sleeve • 
[0047] 

In addition, a method for estimating. connection loss 
of an optical connector, according to the present invention, 
includes steps of: 

calculating each axial misalignment based on 
distribution data of dimension parameters of both of a 
hollow cylindrical single-core ferrule and an optical fiber 
inserted thereinto, and/or orientation error based on 
distribution data of angle parameters of the ferrule; 

calculating the sum of the axial misalignments and/or 
the orientation errors in terms of vector quantity in a 
plane perpendicular to an axial direction of the optical 
fiber and the ferrules- 
calculating the n-th moment of axial misalignment 
and/or orientation error in a connection state; and 
calculating the n-th moment of connection loss. 
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[0048] 

In other words, the present invention can calculate 
the sum of either the axial misalignments or the 
orientation errors, or both of them, in terms of vector 
5 quantity in a plane perpendicular to the axial direction. 
[0049] 

Further, it is preferable in the present invention 
that, an average is calculated based on the 1st moment of 
connection loss, and a standard deviation or a variance is 
10 calculated based on the 1st and 2nd moments of connection 
loss . 
[0050] 

Further, it is preferable in the present invention 
that, distribution data of either dimension parameters or 
15 angle parameters of a split sleeve, or distribution data of 
connection loss of a split sleeve are combined. 
[0051] 

Further, it is preferable in the present invention 
that, the axial misalignment is calculated based on 

20 clearance caused between an inner diameter of the ferrule 
and an outer diameter of the optical fiber, and coaxiality 
between the outer surface and the through-hole of the 
ferrule, and coaxiality between a core and a clad of the 
optical fiber. 

25 [00.52] 

Further, it is preferable in the present invention 
that, the n-th moment of the connection loss is calculated 
by calculating the n-th moment of single-plug axial 
misalignment by summing in terms of vector the n-th moment 
30 of clearance caused between an inner diameter of the 



ferrule and an outer diameter of the optical fiber, the n- 
th moment of coaxiality between the outer surface and the 
through-hole of the ferrule, and the n-th moment of 
coaxiality between a core and a clad of the optical fiber, 
and then calculating the paired n-th moment of axial 
misalignment by summing in terms of vector the two n-th 
moments of the single-plug axial misalignment with the n-th 
moment of difference in outer diameter of the ferrule, and 
then calculating the n-th moment of connection loss based 
on the paired n-th moment of axial misalignment. 
[0053] 

Further, it is preferable in the present invention 
that, the orientation error is calculated based on a tilt 
of the longitudinal direction of the through-hole of the 
ferrule to the outer surface thereof* 
[0054] 

Further, it is preferable in the present invention 
that, the n-th moment of connection loss is calculated 
based on the paired n-th moment of orientation error which 
is calculated by summing in terms of vector the two n-th 
moments of orientation error of the ferrule. 
[0055] 

Further, it is preferable in the present invention 
that, the n-th moment of the connection loss is calculated 
by obtaining total connection loss that is the sum of the 
connection loss calculated based on the paired axial 
misalignment, connection loss calculated based on paired 
orientation error, and the connection loss of the split 
sleeve . 
[0056] 



In addition, a method for estimating connection loss 
of an optical connector, according to the present invention, 
includes steps of: 

performing tuning, that is a method for aligning a 
misaligned direction of a single plug, which includes a 
ferrule having a through-hole along the longitudinal 
direction, and an optical fiber inserted thereinto, based 
on both of distribution data of axial misalignment of the 
single plug and distribution data of a diameter of the 
ferrule; 

calculating the n-th moment of axial misalignment 
and/or orientation error in the tuned connection state; and 

calculating the n-th moment of connection loss. 
[0057] 

Further, it is preferable in the present invention 
that, an average is calculated based on the 1st moment of 
connection loss, and a standard deviation or a variance is 
calculated based on the 1st and 2nd moments of connection 
loss. 
[0058] 

Further, it is preferable in the present invention 
that, distribution data of either dimension parameters or 
angle parameters of a split sleeve, or distribution data of 
connection loss of a split sleeve are combined. 
. [0059] 

Further, it is preferable in the present invention 
that, the axial misalignment is calculated based on 
clearance caused between an inner diameter of the ferrule 
and an outer diameter of the optical fiber, and coaxiality 
between the outer surface and the through-hole of the 
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ferrule, and coaxiality between a core and a clad of the 

optical fiber. 

[0060] 

Further, it is preferable in the present invention 
that, the orientation error is calculated based on a tilt 
of the longitudinal direction of the through-hole of the 
ferrule to the outer surface thereof. 
[0061] 

Further, it is preferable in the present invention 
that, the n-th moment of connection loss is calculated 
based on the paired n-th moment of orientation error which 
is calculated by summing in terms of vector the two n-th 
moments of orientation error of the ferrule. 
[0062] 

Further, it is preferable in the present invention 
that, the n-th moment of the connection loss is calculated 
by obtaining the total connection loss that is the sum of 
the connection loss calculated based on the paired .axial 
misalignment, connection loss calculated based on paired 
orientation error, and the connection loss of the split 
sleeve. 
[0063] 

In addition, a simulator for estimating connection 
loss of an optical connector, according to the present 
invention, can be realized using combination of one or more 
selected from the above-described methods for estimating 
connection loss of an optical connector. 
[0064] 

By using these approaches, distribution data of 
connection loss of optical connectors can be easily 



obtained in no need of a large niomber of man-hours and 
costs. 

BRIEF DESCRIPTION OF DRAWINGS 
[0065] 

Fig. 1 a flow chart showing an operation of a 
simulator for estimating connection loss, in a first • 
embodiment according to the present invention. 

Fig. 2A is a cross-sectional view for explaining axial 
misalignment of a single plug. Fig. 2B is an enlarged view 
from the end face direction of a ferrule in Fig. 2A. 

Fig. 3A is a cross-sectional view for explaining axial 
misalignment in a paired state of two plugs in contact. 
Fig. 3B is an enlarged view showing the misalignment on the 
contact plane of the ferrules. 

Fig. 4A is a cross-sectional view for explaining 
orientation error in a paired state of two plugs in contact. 
Fig. 4B is an three-dimensional diagram representing the 
orientation error in polar coordinates. 

Fig. 5 is a diagram for explaining a method for 
randomly extracting one datum among distribution data of 
various parameters . 

Fig. 6 is a diagram for explaining a- method for 
randomly extracting one angular datum among 360-degree 
directions. 

Fig. 7 is a diagram for explaining a method for 
combining a plurality of data. 

Fig. 8 is a histogram showing a result obtained by the 
simulator for estimating connection loss, according to the 
first embodiment. 
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Fig. 9 is a flow chart showing an operation of a 
simulator for estimating connection loss, in a second 
embodiment according to the present invention. 

Fig. 10 is a diagram for explaining a method for 
synthesizing distribution of dimension parameters. 

Fig. 11 is a diagram for explaining a method for 
calculating distribution of total connection loss by 
summing distribution of connection loss due to misalignment, 
distribution of connection loss due to orientation error, 
and distribution of connection loss of a split sleeve. 

Fig. 12 is a histogram showing a result obtained by 
the simulator for estimating connection loss, according to 
the second embodiment. 

Fig. 13 is a flow chart showing an operation of a 
simulator for estimating connection loss, in a third 
embodiment according to the present invention. 

Fig. 14 is a flow chart showing an operation of a 
simulator for estimating -connection loss, in- a fourth 
embodiment according to the present invention. 

Fig. ISA is a cross-sectional view for ' explaining 
axial misalignment in a paired state by tuning two plugs in 
contact. Fig. 15B is an enlarged view showing the 
misalignment on the contact plane of the ferrules. 

Fig. 16a diagram for explaining a method for 
synthesizing the n-th moment of dimension parameters in 
■case of 4-phase. tuning. 

Fig. 17A is a graph showing distribution of axial 
misalignment of single-plugs and distribution of difference 
in outer diameter of ferrules. Fig. 17B is a graph showing 
relation between the number of phases of tuning and an 



average and a standard deviation of connection loss. 

Fig. 18 is a cross-sectional view showing a typical 

plug. 

Fig. 19 is a cross-sectional view showing a typical 
optical connector . 

Figs. 20A and 20B are explanatory diagrams showing a 
method for measuring connection loss of an optical 
connector. 

Fig. 21 is a graph showing axial misalignment, 
orientation error and connection loss. 

[BEST EMBODIMENT FOR CARRYING OUT THE INVENTION] 
[0066] 

Embodiments according to the present invention will be 
described below with reference to the drawings, 
[0067] 

(Embodiment 1) 

In an optical connector including a ferrule, which has 
a. through-hole along the longitudinal direction, and an 
optical fiber which is inserted and fixed into the ferrule, 
this embodiment includes steps, of: calculating axial 
misalignment based on both of at least distribution data of 
dimension parameters of the ferrule and at least 
distribution data of dimension parameters of the optical 
fiber; calculating connection loss based on the axial 
misalignment; and simulating a distribution of connection 
loss. 
[0068] 

As an example of the present invention. Fig. 1 shows a 
method for simulating distribution of connection loss of an 
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optical connector including a hollow cylindrical single- 
core ferrule, by means of Monte Carlo method. 
[0069] 

First, one datum is extracted among distribution data 
of outer diameter of optical fibers, which have been 
prepared in advance. Data extraction is performed using 
random number generation. Because of usage of random 
number, this method is called Monte- Carlo, Monaco, famous 
as a gambling place. Specifically, it is relatively easy 
to obtain random numbers using a random number table, or a 
personal computer, such as a random number generating 
function RAND ( ) or RANDBETWEEN ( ) in "Excel", spreadsheet 
software supplied by Microsoft. Details of such data 
extraction will be described below. 
[0070] 

Next, one datum is randomly extracted among 
distribution data of inner diameter of ferrules in the same 
manner as above. Here, since the outer surface of an 
optical fiber surely comes in contact with the inner 
surface of a ferrule on at least one point in an end face 
of the ferrule, a clearance between the inner diameter of 
the ferrule and the out diameter of the optical fiber, i.e., 
half of a value of the outer diameter of the optical fiber 
subtracted from the inner diameter of the ferrule, means 
axial misalignment. 
[0071] 

Next, one datum is randomly extracted among 
distribution data of coaxiality of ferrules in the same 
manner as above. Further, one datum is randomly extracted 
among distribution data of coaxiality of core of optical 
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fibers in the same manner as above. 
[0072] 

Total axial misalignment of a single plug is 
calculated based on the above-described half value of the 
outer diameter of the optical fiber subtracted from the 
inner diameter of the ferrule, coaxiality of ferrules and 
coaxiality of core of optical . fibers . 
[0073] 

In Fig. 2A, an optical fiber protector 2 is fixed to a 
ferrule 1 having a through-hole la, and an optical fiber 3 
is inserted and fixed into an opening of the optical fiber 
protector 2,. thereby forming a plug 10. Axial misalignment 
means displacement from the center of an outer surface Ic 
in an end face lb of the ferrule. Fig. 2B is an enlarged 
view from the end face direction of the ferrule 1. 
[0074] 

Here, defining the center of the outer surface Ic as 
Oi, the center of the through-hole of the ferrule as O2, 
respectively, displacement of O2 means half value of 
coaxiality. Next, defining the center of the optical fiber 
as O3, a distance between O2 and O3 means half of a value of 
the outer diameter of the optical fiber subtracted from the 
inner diameter of the ferrule. Further, defining the 
center of core of the optical fiber as O4, a. distance 
between O3 and O4 means half value of coaxiality . of core of 
the optical fiber. Finally, a distance between Oi and O4 
means total axial misalignment dT relative to the outer 
surface Ic of the ferrule. 
[0075] 

Then, since one axial misalignment for each parameter 



depends on a misalignment angle among 360-degree directions, 
even if axial misalignment for each parameter is large, the 
total axial misalignment is not always large. 
[0076] 

As described above, axial misalignment of the single 
plug can be calculated. However, it must be calculated on 
condition of a pair of plugs being in contact with each 
other for an optical connector. Hence, a method for 
calculating the paired axial misalignment will be described 
below using Figs. 3A and 3B. 
[0077] 

Fig. 3A shows a state of the ferrule 1 in contact with 
another ferrule 1', in which end faces lb and lb' come in 
contact with each other by a split sleeve 5. 
[0078] 

Here, as shown in Fig. 3B, an inner surface of an 
opposite portion 5b to a slit 5a of the split sleeve 5 
constitutes a positioning reference point for the ferrules 
1 and 1'. The ferrule 1' with a larger diameter is lilcely 
to be displaced toward the slit 5a. Defining the center of 
the total axial misalignment with respect to the center Oi 
of the. outer surface of the smaller ferrule 1 as O4, and 
the center of the total axial misalignment with respect to 
the center Oi' of the outer surface of the larger ferrule 
1* as O4, displacement corresponding to a distance, ds 
between d and may.be directed to the slit 5a. Here, 

the distance ds between" d and Oi' means a half value. of 
difference in diameter between the larger ferrule 1' and 
the smaller ferrule 1. 
[0079] 



Accordingly, the center of the paired axial 
misalignment is finally defined as Os^ and a distance dp 
between O4 and O5 means the paired axial misalignment. 
[0080] 

Here, the outer diameters of the larger ferrule 1' and 
the smaller ferrule 1 are randomly extracted among the 
distribution data of outer diameter of ferrules, as shown 
in Fig. 1. 
[0081] 

Next, for orientation error in the same manner as 
above, two data are randomly extracted among distribution 
data of orientation error to calculate paired orientation 
error. 
[0082] 

Fig. 4A is a cross-sectional view showing a state of 
the ferrules 1 and 1 ' being in contact with each other on 
the end faces lb and lb V inside the split sleeve 5. Fig. 
4B is an three-dimensional diagram representing the 
orientation error in polar coordinates. 
[0083] 

The through-holes la and la' are tilted to the outer 
surfaces Ic and Ic' by 0 and 9' degree, respectively, in 
the cross-section. However, when considering tilting with 
cp and cp' among 3 60-degree directions on the basis of the 
contact face," a relative angle between an orientation error 
vector r of the' ferrule 1 and an orientation error vector 
r* of the ferrule 1' means the paired orientation error. 
[0084] 

Incidentally, the more number of distribution data of 
respective parameters is better for the simulator according 



to the present invention. The less number of data brings 
the worse precision of connection loss value to be obtained. 
It is enough to have at least 32 data. 
[0085] 

Here, a method for extracting randomly and evenly one 
datum among distribution data using random number will be 
described below, referring to Fig. 5. 
[0086] 

Respective data are numbered in advance with serial 
integers 1 to n. In this case, it is not always necessary 
to arrange data Xn. Next, after generating a random number 
to extract an i-th data number, data Xi associated 
therewith is extracted. Specifically, for example, by 
using a function RANDBETWEEN ( 1 , n) in the above-mentioned 
spreadsheet software "Excel", an integer 1 to n can be 
generated, and then datum inputted in the i-th cell can be 
extracted based on the one resulting random number. 
[0087] 

Next, a method for extracting randomly and evenly one 
datum among angles in 360-degree directions using random 
number will be described below in Fig. 6. 

[0088] 

One angle can be selected from 0 to 359.9999... degree, 
but a unit of one degree is enough for calculating 
connection loss, so 6 degree is extracted from 0 to 359 
degree. This can also be obtained, as described above, by 
using a function RANDBETWEEN ( 1 , 359) in the spreadsheet 
software "Excel", and an integer 0 to 359 can be generated, 
and then the angle can be selected based on the one 
resulting random number. 



[0089] 

Thus, the paired axial misalignment and the paired 
orientation error can be calculated. 
[0090] 

Next, returning to Fig. 1, from the paired axial 
misalignment, connection loss ILa due to axial misalignment 
is calculated by Equation 3. Further, from the paired 
orientation error, connection loss ILe- due to orientation 
error is calculated by Equation 5, Then, by generating a 
random number among distribution data of connection, loss -of 
a split sleeve as described above, one value of connection 
loss ILs is extracted. 
[0091] 

Incidentally, for the split sleeve the connection loss 
ILs is extracted by generating a random number among 
distribution data of connection loss, otherwise the 
connection loss may be calculated by randomly extracting 
data among distribution data of dimension of the split 
sleeve. 
[0092] 

The sum of the connection loss ILa due to axial 
misalignment, the connection loss ILe due to orientation 
error, and the connection loss ILs of the split sleeve 
means a total connection loss. The total connection loss 
is based on a combination of a pair of ferrules. Next, a 
plurality of connection loss are calculated as described 
above. Distribution data can be obtained from the 
plurality of connection loss. 
[0093] 

For a method for obtaining the distribution data of 
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connection loss, as shown in Fig. 1 , in case of sampling n 
plugs, after randomly extracting six parameters including 
inner diameter, coaxiality, outer diameter, orientation 
error of ferrule, and coaxiality, outer diameter of optical 
5 fiber in each plug, these parameters are combined in round- 
robin system. The connection loss of the split sleeve is 
randomly extracted and added to each combination. 
[0094] 

For example, in case of defining connection loss 
10 between Sample 1 and Sample as X12, and connection loss 

between Sample 1 and Sample i as Xn, and connection loss 
between Sample n-1 and Sample n as Xn-in/ . an average, a 
deviation and a maximum value of all the data can be 
obtained to compile distribution data with the gross of 
15 0.5x(n^-n), preferably to represent them in histogram. 
[0095] 

Incidentally, the maximum value does not mean a 
practical value because it may . include a region with slight 
possibility on simulation. Hence it can be replaced with 
20 97% of the maximum value as defined in lEC 61755-2-1. 
[0096] 

The number of data of connection loss according to the 
present invention is preferably at least 100, more 
preferably 500 or more, because the more data can form 
25 distribution with a smoother curve in histogram. 
[0097] 

Further, otherwise than the above-mentioned round- 
robin system. Method 1 as defined in lEC 61300-3-34 may be 
used, in which after using 10 patch cords each having plugs 
30 on both ends, and 10 adapters each having a split sleeve to 



combine 10 sets of each patch cord and each adapter, then 
data, such average, deviation and maxim\iiti value, among the 
gross of 380 can be obtained to compile distribution data. 
[0098] 

Furthermore, Method 2. as defined in lEC 61300-3-34 may 
be used, in which after using 10 patch cords each having, 
plugs on both ends, and 5 reference plugs each having a 
pair of adapter and patch cord, then data, such average, 
deviation and maximiim value, among the gross of 100 can be 
obtained to compile distribution data. . 
[0099] 

The above description employs Monte Carlo method as an 
example. Otherwise than Monte Carlo method, any other 
method can be employed by calculating axial misalignment in 
an optical connecter including a ferrule, based on both of 
at least distribution data of dimension parameters of the 
ferrule and at least distribution data of dimension 
parameters of the optical fiber, and then calculating 
connection loss based on the axial misalignment, and then 
simulating distribution of the connection loss, thereby 
easily obtaining distribution data of values of connection 
loss in no need of a large number of man-hours and costs. . 
[0100] 

Moreover, the above description employs a hollow 
cylindrical single-core ferrule as an example of the 
present invention. Otherwise, a hollow cylindrical multi- 
core ferrule or a rectangular ferrule can be employed, 
thereby attaining the same performance as the present 
invention. 
[0101] 
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While introducing alignment technique for matching a 
misaligned direction with a particular direction to reduce 
connection loss of optical connectors, the method for 
estimating connection loss of an optical connector, 
5 according to the present invention, may be employed. 
[0102] 

The simulator for estimating connection loss of an 
optical connector, according to the present invention, 
includes a simulation software which employs the above- 
10 described method for estimating connection loss of an 

optical connector, as well as a hardware, such as personal 

computer, with the simulation software installed. 

[0103] 

It is preferable to use the integrated spreadsheet 
15 software "Excel" for personal computer because of 

convenient, low-cost and common means. Otherwise, BASIC, 
FORTRAN, or C language may be used, thereby attaining the 
same performance as the present invention. 
[0104] 

20 The method for estimating connection loss of an 

optical connector, and the simulator using the same, 
according to the present invention, can be applied to not 
only a single-mode optical fiber but also a multi-mode 
optical fiber. 

25 [0105] 

A specific example will be described below. 
[0106] 

By using the simulator for estimating connection loss 
of an optical connector, according to the present invention, 
30 as shown in Fig. 1, simulation was performed using 
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distribution data with inner diameter of ferrule of (pl52.2 
to 125,7 pm, coaxiality of 0 to 0.8 iim, outer diameter of 
(p2.4989 to 2.4992 mm, orientation error of 0.02 to 0.14 
degree, and coaxiality of optical fiber of 0 to 0.4 ym, 
5 outer diameter of 124.8 to 125.3 jam. Then, in the method 
of Fig. 7, in a case of using 50 plugs, 1,225 data of 
connection loss were obtained by round-robin system to plot 
a histogram. 
[0107] 

10 The resulting histogram is shown in Fig, 8. 

[0108] 

Here, the vertical axis of the histogram shows 
probability, which is divided by the gross of 2,475. 
[0109] 

15 The resulting connection loss exhibited the average of 

0.154 dB, the deviation of 0.096 dB, the maximum value of 
0.68 dB, and the 97%-maximum value of 0.37 dB. 
[0110] 

Next, as a comparative example, 50 samples were 
.20 .manufactured, which exhibited the same distribution data as 
used in the above simulation, i.e., with inner diameter of 
ferrule of (pl52.2 to 125.7 ]jm, coaxiality of 0 to 0.8 ym, 
outer diameter of (p2.4989 to 2.4992 mm, orientation error 
of 0.02 to 0.14 degree, and coaxiality of '.optical fiber of 
25" 0 to 0.4 lam, outer diameter of 124.8 to 125.3 jjm. They 
were measured in connection loss using methods shown in 
Figs. 20A and 20B, resulting in 1,225 data of connection 
loss by round-robin system. 
[0111] 

30 In this case, measurement was performed after 



32 



confirming using optical microscope that no dust or no 
scratch resided on the polished end face of each ferrule. 
[0112] 

The resulting^ connection loss exhibited the average of 
0.163 dB, the deviation of 0.112 dB, and the maximum value 
of 0.64 dB. 
[0113] 

As described above, it was verified that the method 
for simulating distribution of connection loss, according 
to the present invention, by calculating axial misalignment 
based on both of distribution data of dimension parameters 
of the ferrule and at least distribution data of dimension 
parameters of the optical fiber, could attain the 
approximately same values as in the method of actually 
manufacturing samples and measuring connection loss thereof. 
[0114] 

In addition, time requirement of the present invention 
was several tens of minutes including data inputting, while 
time requirement of practical measurement in the 
comparative example was several tens of hours including 
sample manufacturing, measurement, and data compiling. The 
present invention could easily attain distribution data of 
connection loss in no need of a large number of man-hours 
and costs. 
[0115] 

(Embodiment 2) 

This, embodiment includes steps of: calculating each 
axial misalignment based on distribution data of dimension 
parameters of both of a ferrule having a through-hole along 
the longitudinal direction and an optical fiber inserted 
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thereinto, and/or orientation error based on distribution 
data of angle parameters of the ferrule; calculating the 
sum of the axial misalignments and/or the orientation 
errors in terms of vector quantity in a plane perpendicular 
5 to an axial direction of the optical fiber and the ferrules- 
calculating distribution of axial misalignment and/or 
orientation error in a connection state; and calculating 
distribution of connection loss. 
[0116] 

10 As an example of the present invention. Fig. 9 shows a 

method for simulating distribution of connection loss by 
means of transformation of probability variables. 
[0117] 

First, distribution data of outer diameter of an 
15 optical fiber and distribution data of inner diameter of a 
ferrule are transformed into distribution data of half 
value of a clearance between the optical fiber and the 
ferrule. Since the outer surface of the optical fiber 
surely comes in contact with the inner surface of the 
20 ferrule on at least one point in the end face of the 

ferrule, the clearance between the inner diameter of the 
ferrule and the out diameter of the optical fiber, i.e., 
half of a value of the outer diameter of the optical fiber 
subtracted from the inner diameter of the ferrule, means 
25 axial misalignment. 
[0118] 

Next, both distribution data of coaxiality of ferrules 
and distribution data of coaxiality of optical fibers are 
prepared. 
30 [0119] 
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Distribution of the total axial misalignment of a 
single plug is calculated based on the above-described 
distribution of half value of the outer diameter of the 
optical fiber subtracted from the inner diameter of the 
5 ferrule, the distribution of coaxiality of ferrules and the 
distribution of coaxiality of core of optical fibers. 
[0120] 

As shown in Fig. 2A, the optical fiber protector 2 is 
fixed to the ferrule 1 having the through-hole la, and the 

10 optical fiber 3 is inserted and fixed into the opening of 

the optical fiber protector 2, thereby forming the plug 10. 
Axial misalignment means, as shown in Fig. 2B, displacement 
from the center of the outer surface Ic in the end face lb 
of the ferrule. 

15 [0121] 

Here, defining the center of the outer surface Ic as 
Oi, the center of the through-hole of the ferrule as O2, 
respectively, displacement of O2 means half value of 
coaxiality. Next, defining the center of the optical fiber 

20 as O3, a distance between O2 and O3 means half of the value 
of the outer diameter of the optical fiber subtracted from 
the inner diameter of the ferrule. Further, defining the 
center of core of the optical fiber as O4, a distance 
between O3 and O4 means half value of coaxiality of core of 

25 the optical fiber. Finally, a distance between Oi and O4 
means total axial misalignment dr relative to the outer 
surface Ic of the ferrule. 
[0122] 

Then, since one axial misalignment for each parameter 
30 is randomly distributed in misaligned direction, even if 
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axial misalignment for each parameter is large, the total 

axial misalignment is not always large. 

[0123] 

As described above, axial misalignment of the single 
5 plug can be calculated. However, it must be calculated on 
condition of a pair of plugs being in contact with each 
other for an optical connector. Hence, a method for 
calculating the paired axial misalignment will be described 
below using Figs. 3A and 3B. 
10 [0124] 

Fig. 3A shows a state of the ferrule 1 in contact with 
another ferrule 1', in which end faces lb and lb' come in 
contact with each other by the split sleeve 5. 
[0125] 

15 Here, as shown in Fig. SB, the inner surface of an 

opposite portion 5b to the slit 5a of the split sleeve 5 
constitutes a positioning reference point for the ferrules 
1 and 1'. The ferrule 1' with a larger diameter is likely 
to be displaced toward the slit 5a. Defining the center of 

20 the total axial misalignment with respect to. the center d 
of the outer surface of the smaller ferrule 1 as O4, and 
the center of the total axial misalignment with respect to 
the center Oi ' of the outer surface of the larger ferrule 
1' as O4, displacement corresponding to a distance ds 

25 between Oi and Oi ' may be directed to the slit 5a. Here, 
the distance ds between Oi and.Oi' means a half value of 
difference in diameter between the larger ferrule 1' and 
the smaller ferrule 1. 
[0126] 

30 Accordingly, the center of the paired axial 
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misalignment is finally defined as O5, and a distance dp 
between O4 and O5 means the paired axial misalignment, 
[0127] 

Here, the outer diameters of the larger ferrule 1' and 
5 the smaller ferrule 1 are randomly extracted among the 

distribution data of outer diameter of ferrules, as shown 

in Fig. 9, 

[0128] 

Next, for orientation error in the same manner as 
10 above, distribution of paired orientation error is 

calculated based on distribution data of orientation error 

of the single ferrule. 

[0129] 

As shown in Fig. 4A, the ferrules 1 and 1' are in 
15 contact with each other on the end faces lb and lb' inside 
the split sleeve 5. The through-holes la and la' are 
tilted to the outer surfaces Ic and Ic' by 9 and 9' degree, 
respectively, in the cross-section. However, when 
considering tilting with cp and cp' along any angular 
20 direction in the contact face, a relative angle between an 
orientation error vector r of the ferrule 1 and an 
orientation error vector r' of the ferrule 1' means the 
paired orientation error. 
[0130] 

25 Here, a method for synthesizing two distribution data 

of dimension parameters in consideration of an angle 
between the two dimension parameters will be described 
below. 

[0131] 

30 Fig. 10 illustrates that a vector of dimension 
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parameter 1 and a vector of dimension parameter 2 are 
summed to produce a vector of dimension parameter 3. The 
angle 9 is evenly distributed in a range of 0 to 180 degree 
because each vector is randomly distributed in direction. 
Hence, each of the dimension parameters 1 and 2 and the 
angle 9 has some distribution. The magnitude of the 
dimension parameter 3 can be represented by the dimension 
parameters 1 and 2 and the angle 9 using the cosine formula 
of trigonometric function. Synthesizing the dimension 
parameters 1 and 2 means transformation of probability 
distribution with independent variables of probability 
including the dimension parameters 1 and 2 and the angle 9 
into another distribution with a single variable of 
probability, that is, the synthesized dimension parameter 3 
In other words, the distribution can be .calculated by 
transforming the three variables of probability, that is, 
the dimension parameters 1 and 2 and the angle 9, into the 
dimension parameter 3. 
[0132] 

Two distribution. data of angle parameters are also 
synthesized in consideration of an angle between the two 
angle parameters using the above-described method. 
[0133] 

Thus, both of distribution of the paired axial 
misalignment and distribution of the paired orientation 
error can be calculated. 
[0134] 

Next, returning to Fig. 9, from the distribution of 
the paired axial misalignment, distribution of connection 
loss due to axial misalignment is calculated by Equation 3. 
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Further, from the distribution of the paired orientation 
error, distribution of connection loss due to orientation 
error is calculated by Equation 5* 
[0135] 

Distribution of the total connection loss can be 
calculated by summing the distribution of connection loss 
due to axial misalignment, the distribution of connection 
loss due to orientation error, and the distribution of 
connection loss of the split sleeve. Specifically, in a 
case of each connection loss containing a different factor 
being sufficiently low, it is enough to sum up each 
connection loss due to each factor. Hence, the total 
connection loss means the sum of connection loss due to 
axial misalignment, connection loss due to orientation 
error, and connection loss of the split sleeve. In other 
words, the total connection loss IL can be represented by 
the following equation, using the connection loss IL/^ due 
to axial misalignment, the connection loss ILe due to 
orientation error, and the connection loss ILs of the split 
sleeve . 
[0136] 

(Equation 6) 
[0137] 

Incidentally, each connection loss is non-negative, 
and ex facto discrete variable as practical data, not 
continuous variable. Hence, by using non-negative integers 
i, j, Ic, n in a unit of, e.g., 0.01 dB, the connection loss 
due to axial misalignment can be expressed as i, the 
connection loss due to orientation error as j , the 



connection loss of the split sleeve as k, and the total 
connection loss as n, respectively. Further, probability 
of each variable can be expressed as P^Ci); Pe{j); Psi(k); 
P(n), respectively. Each probability means a height of 
histogram in each probability distribution of connection 
loss. Each non-negative integers i, j, k, n means a label 
of each histogram. Therefore, Equation 6 can be rewritten 
in discrete form as follows: 
[0138] 

(Equation 7) 
[0139] 

Geometrically describing, as show in Fig. 11, Equation 
7 means an- equation which can represent coordinates (i, j, 
k) residing in a triangle which intersects at each point of 
a value n with i-, j- and k-axes. In addition, probability 
with the connection loss i due to axial misalignment, the 
connection loss j due to orientation error, and the 
connection loss k of the split sleeve can be represented as 
PA{i) X P0(j) X Psi(k). Hence, all sets of i., j, k 
satisfying Equation 7 can conform to the total connection 
loss n. The probability P{n) with the total connection 
loss n can be obtained by calculating the summation of 
PA(i) X Pe(j) X Psi(k) with respect to all sets of i, j, k 
satisfying Equation 7. It can be represented by the 
following equation. 
[0140] 

(Equation 8) 

P(^) = YLllPJOPe(j)Ps,(k) 

i J k 

[0141] 



By using this distribution of the total connection 
loss, an average, a deviation and a maximum value of the 
total connection loss can be calculated. Incidentally, the 
maximum value does not mean a practical value because it 
may include a region with slight possibility on simulation. 
Hence it can be replaced with 97% of the maximum value as 
defined in lEC 61755-2-1. 
[0142] 

The number of data of dimension parameters used for 
the present invention is preferably at least 10, more 
preferably 100 or more, because the more data can form 
distribution with a smoother curve in histogram. 
[0143] 

Further, resolution of data of dimension parameters is 
preferably 0.1 ym or below, more preferably 0.05 ]jm or 
below, because smaller resolution of data can form a 
histogram closer to continuous probability distribution. 
[0144] 

In the above-described embodiment, connection loss is 
calculated using both of axial misalignment and orientation 
error. For example, in a case of orientation error being 
very smaller than axial misalignment, connection loss can 
be calculated using only axial misalignment. In adverse 
case, it can be calculated using only orientation error. 
[0145] 

The above description employs transformation of 
probability variables as an example. Otherwise than 
transformation of probability variables, any other method 
can be employed by calculating distribution of axial 
misalignment in an optical connecter including a ferrule. 



based on both of at least distribution data of dimension 
parameters of the ferrule and at least distribution data of 
dimension parameters of the optical fiber, and then 
calculating connection loss based thereon, thereby easily 
obtaining distribution data of values of connection loss in 
no need of a large number of man-hours and costs. 
[0146] 

While introducing alignment technique for matching a 
misaligned direction with a particular direction to reduce 
connection loss of optical connectors, the method for 
estimating connection loss of an optical connector, 
according to the present invention, may be employed. 
[0147] 

The present invention can provide a simulation 
software by using the above-described method for estimating 
connection loss of an optical connector. 
[0148] 

It is preferable to use the integrated spreadsheet 
software "Excel" for personal computer because of 
convenient, low-cost and common means. Otherwise, BASIC, 
FORTRAN, or C language may be used, thereby attaining the 
same performance as the present invention. 
[0149] 

The method for estimating connection loss of an 
optical connector, and the simulator using the same, 
according to the present invention, can be applied to not 
only a single-mode . optical fiber but also a multi-mode 
optical fiber. 
[0150] 

A specific example will be described below. 
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[•0151] 

By using the simulator for estimating connection loss 
of an optical connector, according to the present invention, 
as shown in Fig. 9, simulation was performed using 
distribution data with inner diameter of ferrule of (pl25,2 
to 125.7 ym, coaxiality of 0 to 0.8 pm, outer diameter of 
(p2.4989 to 2,4992 mm, orientation error of 0.02 to 0.14 
degree, and coaxiality of optical fiber of 0 to 0.4 ym, 
outer diameter of 124.8 to 125.3 )jim. 
[0152] 

The resulting histogram of probability distribution of 
the total connection loss is shown in Fig. 12. 
[0153] 

The resulting connection loss exhibited the average of 
0.089 dB, and the 97%-maximum value of 0.276 dB. 
[0154] 

Next, as a comparative example, 50 samples were 
manufactured, which exhibited the same distribution data as 
used in the above simulation, i.e., with inner diameter of 
ferrule of (pl25.2 to 125.7 ym, coaxiality of 0 to 0.8 ym, 
outer diameter of (p2.4989 to 2.4992 mm, orientation error 
of 0.02 to 0.14 degree, and coaxiality of optical fiber of 
0 to 0.4 lom, outer diameter of 124.8 to 125.3 jjm. They 
were measured in connection loss using methods shown in 
Figs. 20A and 20B, resulting in 1,225 data of connection 
loss by round-robin system. 
[0155] . . 

In this case, measurement was performed after 
confirming using optical microscope that no dust or no 
scratch resided on the polished end face of each ferrule. 
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[0156] 

The resulting connection loss exhibited the average of 
0.085 dB, and the 97%-maximuin value of 0.200 dB. 
[0157] 

5 As described above, it was verified that the method 

for simulating distribution of connection loss, according 
to the present invention, by calculating each axial 
misalignment based on distribution data of dimension 
parameters of both of a ferrule and an optical fiber, and 

10 orientation error based on distribution data of angle 

parameters of the ferrule, and then calculating the sum of 
the axial misalignments and/or the orientation errors in 
terms of vector quantity in a plane perpendicular to an 
axial direction of the optical fiber and the ferrule, and 

15 then calculating distribution of axial misalignment and 
orientation error in a connection state, and then 
calculating distribution of connection loss based thereon, 
could attain the approximately same values as in the method 
of actually manufacturing samples and measuring connection 

20 loss thereof. 
[0158] 

In addition, time requirement of the present invention 
was several tens of minutes including data inputting, while 
time requirement of practical measurement in. the 

25 comparative example was several tens of hours including 

sample manufacturing, measurement, and data compiling. The 
present invention could easily attain distribution data of 
connection loss in no need of a large number of man-hours 
and costs. 

30- [0159] 
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(Embodiment 3) 

This embodiment includes steps of: calculating each 
axial misalignment based on distribution data of dimension 
parameters of both of a ferrule having a through-hole along 
5 the longitudinal direction and an optical fiber inserted 
thereinto, and/or orientation error based on distribution 
data of angle parameters of the ferrule; calculating the 
sum of the axial misalignments and/or the orientation 
errors in terms of vector quantity in a plane perpendicular 
10 to an axial direction of the optical fiber and the ferrules- 
calculating the n-th moment of axial misalignment and/or 
orientation error in a connection state; and calculating 
the n-th moment of connection loss. The h-th moment of 
discrete probability variables x(i) can be represented 
15 using the probability distribution P(i) by the following 
equation. 
[0160] 
. (Equation 9) 

20 [0161] 

The 1st moment means an average as described by the 
following equation. 
[0162] 

(Equation 10) 
25 Y.P(Ox(i) 

i 

[0163] 

The variance thereof can be represented using the ist 
and 2nd moment by, the following equation. 
[0164] 
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(Equation 11) 

i I 

[0165] 

Thus, an average and a variance of probability 
5 distribution can be calculated using n-th moment. 

Specifically, calculation of an average of connection loss 
requires the 1st moment of the connection loss, and 
calculation of a variance thereof requires the 1st and 2nd 
moments of the connection loss. Meanwhile the connection 

10 loss as such is proportional to square of axial 

misalignment or orientation error. Hence, calculation of 
the average of the connection loss requires the 2nd and 4th 
moments of the axial misalignment or the orientation error. 
Moreover, in case of taking more general connection of 

15 optical connectors into consideration, all the 1st to 4th 
moments of axial misalignment or orientation error are 
required. 
[0166] 

As an example of the present invention. Fig. 13 shows 
20 a method for simulating the n-th moment of connection loss. 
[0167] 

First, distribution data of outer. diameter of an 
optical fiber and distribution data of inner diameter of a 
ferrule are transformed into distribution data of half 
25 value of a clearance between the optical fiber and the 
ferrule. Since the outer surface of the optical fiber 
surely comes in contact with the inner surface of the 
ferrule on at least one point in the end face of the 
ferrule, the clearance between the . inner diameter of the 



ferrule and the out diameter,, of t;he optical fiber, i.e., 
half of a value of the outer diameter of the optical fiber 
subtracted from the inner diameter of the ferrule, means 
axial misalignment. 
[0168] 

Next, both distribution data of coaxiality of ferrules 
and distribution data of coaxiality of optical fibers are 
prepared. 
[0169] ' 

The n-th moment of the total axial misalignment of a 
single plug is calculated based on the above-described 
distribution of half value of the outer diameter of the 
optical fiber subtracted from the inner diameter of the 
ferrule, the distribution of coaxiality of ferrules and the 
distribution of coaxiality of core of optical fibers. 
[0170] 

Further, the n-th moment of the paired axial 
misalignment is calculated based on the two n-th moments of 
the axial misalignment of both single plugs and the n-th 
moment of difference in outer diameter of the ferrule. 
[0171] 

As shown in Fig. 2A, the optical fiber protector 2 is 
fixed to the ferrule 1 having the through-hole la, and the 
optical fiber 3 Is inserted and fixed into the opening of 
the optical fiber protector 2, thereby forming the plug 10. 
Axial misalignment, means, as shown in Fig. 2B, displacement 
from the center of the outer surface Ic in the end face lb 
of the ferrule. 
[0172] 

Here, defining the center of the outer surface Ic as 



Oi, the center of the through-hol^ of the ferrule as O2/ 
respectively, displacement of O2 means half value of 
coaxiality. Next, defining the center of the optical fiber 
as O3, a distance between O2 and O3 means half of the value 
of the outer diameter of the optical fiber subtracted from 
the inner diameter of the ferrule. Further, defining the 
center of core of the optical fiber as O4, a distance 
between O3 and O4 means half value of coaxiality of core of 
the optical fiber. Finally, a distance between Oi and O4 
means total axial misalignment dT relative to the outer 
surface Ic of the ferrule. 
[0173] 

Then, since one axial misalignment for each parameter 
is randomly distributed in misaligned direction, even if 
axial misalignment for each parameter is large, the total 
axial misalignment is not always large. 
[0174] 

As described above, axial misalignment of the single 
plug can be calculated. However, it must be calculated on 
condition of a pair of plugs being in contact with each 
other for an optical connector. Hence, a method for 
calculating the paired axial misalignment will be described 
below using Figs. 3A and 3B. 
[0175] 

Fig. 3A shows a state of the ferrule 1 in contact with 
another ferrule 1', in which end faces lb and lb' come in 
contact with each other by the split sleeve 5. 
[0176] 

Here, as shown in Fig. 3B, the inner surface of an 
opposite portion 5b to the slit 5a of the split sleeve 5 
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constitutes a positioning reference point for the ferrules 
1 and 1'. The ferrule 1' with a larger diameter is likely 
to be displaced toward the slit 5a. Defining the center of 
the total axial misalignment with respect to the- center Oi 
5 of the outer surface of the smaller ferrule 1 as O4, and 

the center of the total axial misalignment with respect to 
the center Oi ' of the outer surface of the larger ferrule 
1' as O4/ displacement corresponding to a distance dg 
between Oi and Oi ' may be directed to the slit 5a* Here, 
10 the distance ds between Oi and Oi' means a half value of 
difference in diameter between the larger ferrule 1* and 
the smaller ferrule 1. 
[0177] 

Accordingly, the center of the paired axial 
15 misalignment is finally defined as O5, and a distance dp 
between O4 and O5 means the paired axial misalignment. 
[0178] 

Next, for orientation error in the same manner as 
above, the n-th moment of paired orientation error is 
20 calculated based on distribution data of orientation error 
of the single ferrule. 
[0179] 

As shown in Fig. 4A, the ferrules 1 and 1' are in 
contact with each other on the end faces lb and lb' inside 

25 the split sleeve 5. The through-holes la and la' are 

tilted to the outer surfaces Ic and Ic' by 0 and 0' degree, 
respectively, in the cross-section. However, when 
considering tilting with cp and cp' along any angular 
direction in the contact face, a relative angle between an 

30 orientation error vector r of the ferrule 1 and an 



orientation error vector r' of the ferrule 1' means the 

« » 

paired orientation error. 
[0180] 

Here, a method for synthesizing the two n-th moments 
of dimension parameters in consideration of an angle 
between the two dimension parameters will be described 
below. 
[0181] 

As shown in Fig.. 10, a vector of dimension parameter 1 
and a vector of dimension parameter 2 are sximmed to produce 
a vector of dimension parameter 3. The angle 9 is evenly 
distributed in a range of 0 to 180 degree because each 
vector IS randomly distributed in direction. The magnitude 
of the dimension parameter 3 can be represented by the 
dimension parameters 1 and 2 and the angle 9 using the 
cosine formula of trigonometric function. Hence, the n-th 
moment of the dimension parameter 3 can also be represented 
by the dimension parameters 1 and 2 and the angle 9 and the 
probability distribution thereof. Then, by integrating it 
with respect to the angle 9, the n-th moment of the 
dimension parameter 3 can be represented by only the n-th 
moments of the dimension parameters 1 and 2. 
[0182] 

The two n-th moments of angle parameters are also 
synthesized in consideration of an angle between the two 
angle parameters using the above-described method. . 
[0183] 

Thus, both of the n-th moment of the paired axial 
misalignment and the n-th moment of the paired orientation 
error can be calculated. 
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[0184] 

Next, returning to Fig. 13, from the n-th moment of 
the paired axial misalignment, the n-th moment of 
connection loss due to axial misalignment is calculated by . 
5 Equation 3. Further, from the n-th moment of the paired 
orientation error, the n-th moment of connection loss due 
to orientation error is calculated by Equation 5. 
[0185] 

The* n-th moment of the total connection loss can be 

10 calculated by summing the n-th moment of connection loss 
due to axial misalignment, the n-th moment of connection 
loss due to orientation error, and the n-th moment of 
connection loss of the split sleeve. Specifically, an 
example of the 1st moment, i.e., average, will be discussed 

15 below. In a case of each connection loss containing a 

different factor being sufficiently low, it is enough to 
sum up each connection loss due to each factor. Hence, the 
total connection loss means the sum of connection loss due 
to axial misalignment, connection loss due to orientation 

20 error, and connection loss of the split sleeve. In other 
words, the total connection loss IL can be represented by 
the following equation, using the connection loss ILa due 
to axial misalignment, the connection loss ILe due to 
orientation error, and the connection loss ILs of the split 

25 sleeve. 
[0186] 

(Equation 12) 

IL = IL^+IL,+IL,, 

[0187] 

30 Incidentally, each connection loss is non-negative. 
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The respective 1st moments, i-^.,^ averages, are expressed 
as <ILa>; <IL9>; <ILsi>; <IL>, respectively. Since each 
connection loss due to axial misalignment, orientation 
error and the split sleeve is independent mutually, the 1st 
5 moment, i.e., average of the total connection loss can be 
represented by the following equation. 
[0188] 

{Equation 13) 

<IL >^<IL^ > + <ILq > + <IL^i > 

10 [0189] 

The number of data of dimension parameters used for 
the present invention is preferably at least 10, more 
preferably 100 or more, because the more data can form 
smoother probability distribution in histogram of dimension 
15 parameter. 
[0190] 

Further, resolution of data of dimension parameters is 
preferably 0.1 lom or below, more preferably 0.05 ym or 
below, because smaller resolution of data can calculate the 
20 n-th moment with higher precision. 
[0191] 

In the above-described embodiment, connection loss is 
calculated using both of axial misalignment and orientation 
error. For example, in a case of orientation error being 
25 very smaller than axial misalignment, connection loss can 
be calculated using only axial misalignment. In adverse 
case, it can be calculated using only orientation error. 
[0192] 

While introducing alignment technique for matching a 
30 misaligned direction with a particular direction to reduce 
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connection loss of optical connectors, the method for 
estimating connection loss of an optical connector, 
according to the present invention, may be employed. 
[0193] 

The present invention can provide a simulation 
software by using the above-described method for . estimating 
connection loss of an optical connector. 
[0194] 

It is preferable to use the integrated spreadsheet 
software "Excel" for personal computer because of 
convenient, low-cost and common means . Otherwise, BASIC, 
FORTRAN, or C language may be used, thereby attaining the 
same performance as the present invention. 
[0195] 

The method for estimating connection loss of an 
optical connector, and the simulator using the same, 
according to the present invention, can be applied to not 
only a single-mode optical fiber but also a multi-mode 
optical fiber. 
[0196] 

A specific example will be described below. 
[0197] 

By using the simulator for estimating connection loss 
of an optical connector, according to the present invention, 
as shown in Fig. 13, simulation was performed using 
distribution data with inner diameter of ferrule of (pl25.2 
to 125.7 pm, coaxiality of 0 to 0.8 ]im, outer diameter of 
(p2.4989 to 2.4992 mm, orientation error of 0.02 to 0.14 
degree, and . coaxiality of optical fiber of 0 to 0.4 pm, 
outer diameter of 124.8 to 125.3 pm. 
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[0198] 

The resulting connection loss exhibited the average of 
0.089 dB. 
[0199] 

5 Next, as a comparative example, 50 samples were 

manufactured, which exhibited the same distribution data as 
used in the above simulation, i.e., with inner diameter of 
ferrule of <pl25.2 to 125.7 ]jm, coaxiality of 0 to 0.8 ^m, 
outer diameter of cp2.4989 to 2.4992 mm, orientation error 

10 of 0.02 to 0.14 degree, and coaxiality of optical fiber of 
0 to 0.4 ijm, outer diameter of 124.8 to 125.3 pm. They 
were measured in connection loss using methods shown in 
Figs. 20A and 20B, resulting in 1,225 data of connection 
loss by round-robin system. 

15 [0200] 

In this case, measurement was performed after 
confirming using optical microscope that no dust or no 
scratch resided on the polished end face of each ferrule. 
[0201] 

20 The resulting connection loss exhibited the average of 

0.085 dB. 

[0202] 

As described above", it was verified that the method 
for simulating distribution of connection loss, according 

25 to the present invention, by calculating each axial 
misalignment based on distribution data of dimension 
parameters of both of a ferrule and an optical fiber, and 
orientation error based on distribution data of angle 
parameters of the ferrule, and then calculating the sum of 

30 the axial misalignments and/or the orientation errors in 
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terms of vector quantity in a plane perpendicular to an 
axial direction of the optical fiber and the ferrule, and 
then calculating the n-th moments of axial misalignment and 
orientation error in a connection state, and then 
calculating the n-th moment of connection loss based 
thereon, could attain the approximately same values as in 
the method of actually manufacturing samples and measuring 
connection loss thereof. 
[0203] 

In addition, time requirement of the present invention 
was several tens of minutes including data inputting, while 
time requirement of practical measurement in the 
comparative example was several tens of hours including 
sample manufacturing, measurement, and data compiling. The 
present invention could easily attain distribution data of 
connection loss in no need of a large number of man-hours 
and costs. . 
[0204] 

(Embodiment 4) 

This embodiment includes steps of: performing tuning, 
that is a method for aligning a misaligned direction of a 
single plug, based on both of distribution data of axial 
misalignment of the single plug, which includes a ferrule 
having a through-hole along the longitudinal direction, and 
an optical fiber inserted thereinto, and distribution data 
of a diameter of the ferrule; calculating the n-th moment 
of axial misalignment and/or orientation error in the tuned 
connection state; and calculating the n-th moment of 
connection loss. The distribution data of axial 
misalignment of the single plug is calculated based on 
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distribution of clearance caused between an inner diameter 
of the ferrule and an outer diameter of the optical fiber, 
and distribution of coaxiality between the outer surface 
and the through-hole of the ferrule, and distribution of . 
5 coaxiality between a core and a clad of the optical fiber. 
[0205] 

The n-th moment of discrete probability variables x(i) 
can be represented using the probability distribution P(i) 
by the following equation. 
10 [0206] 

(Equation 14) 

i 

[0207] 

The 1st moment means an average as described by the 
15 following equation. 
[0208] 

(Equation 15) 

^P(i)x(i) 

[0209] 

20 The variance thereof can be represented using the ist 

and 2nd moment by the following equation. 
[0210] 

(Equation 16) 

Y,P(i)x(i)'-{YP(i)x(i)f 

25 [0211] . . 

Thus, an average and a variance of probability 
distribution can be calculated using n-th moment. 
Specifically, calculation of an average of connection loss 
requires the 1st moment of the connection loss, and 
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calculation of a variance thereof requires the 1st and 2nd 
moments of the connection loss. Meanwhile the connection 
loss as such is proportional to square of axial 
misalignment or orientation error. Hence, calculation of 
the average of the connection loss requires the 1st and 2nd 
moments of the axial misalignment or the orientation error, 
and calculation of the variance thereof requires the 1st to 
4th moments of axial misalignment or orientation error are 
required. 
[0212] 

As an example of the present invention. Fig. 14 shows 
a method for simulating the n-th moment of connection loss. 
[0213] 

The distribution data of axial misalignment of the 
single plug is calculated based on clearance caused between 
an inner diameter of the ferrule and an outer diameter of 
the optical fiber, and coaxiality between the outer surface 
and the through-hole of the ferrule, and coaxiality between 
a core and a clad of the optical fiber. Then, the n-th 
moment of the tuned and paired axial misalignment is 
calculated based on the two n-th moments of the axial 
misalignment of both single plugs and the n-th moment of 
difference in outer diameter of the ferrule. 
[0214] 

As shown in Fig. 2A, the optical fiber protector 2 is 
fixed to the ferrule 1 having the through-hole la, and the 
optical fiber 3 is inserted and fixed into the opening of 
the optical fiber protector 2, thereby forming the plug 10. 
Axial misalignment means, as shown in Fig, 2B, displacement 
from the center of the outer surface Ic in the end face lb 
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of the ferrule. 

[0215] 

Here, defining the center of the outer surface Ic as 
Oi, the center of the through-hole of the ferrule as O2, 
respectively, displacement of O2 means half value of 
coaxiality. Next, defining the center of the optical fiber 
as O3, a distance between O2 and O3 means half of the value 
of the outer diameter of the optical fiber subtracted from 
the inner diameter of the ferrule. Further, defining the 
center of core of the optical fiber as 'O4, a distance 
between O3 and. O4 means half value of coaxiality of core of 
the optical fiber. Finally, a distance between d and O4 
means total axial misalignment dx relative to the outer 
surface Ic of the ferrule. 
[0216] 

Then, since one axial misalignment for each parameter 
is randomly distributed in misaligned direction, even if 
axial misalignment for each parameter is large, the total 
axial misalignment is not always large. 
[0217] 

As described above, axial misalignment of the single 
plug can be calculated. However, it must be calculated on 
condition of a pair of plugs being in contact with each 
other for an optical connector. Hence, a method for 
calculating the tuned and paired axial misalignment will be 
described below using Figs. 15A and 15B. 
[0-218] 

Fig. 15A shows a state of the ferrule 1 in contact 
with another ferrule 1', in which end faces lb and lb' come 
in contact with each other by the split sleeve 5. 
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[0219] 

Here, as shown in Fig. 15B, the inner surface of an 
opposite portion 5b to the slit 5a of the split sleeve 5 
constitutes a positioning reference point for the ferrules 
5 1 and 1'. The ferrule 1' with a larger diameter is likely 
to be displaced toward the slit 5a. Defining the center of 
the total axial misalignment with respect to the center Oi 
of the outer surface of the smaller ferrule 1 as O4, and 
the center of the total axial misalignment with respect to 

10 the center Qi ' of the outer surface of the larger ferrule 
1' as O4, displacement corresponding to a distance dg 
between Oi and Oi ' may be directed to the slit 5a. Here, . 
the distance ds between d and Oi ' means a half value of 
difference in diameter between the larger ferrule 1' and 

15 the smaller ferrule 1. 
[0220] 

Accordingly, the center of the tuned and paired axial 
misalignment is finally defined as O5, and a distance dp 
between O4 and O5 means the paired axial misalignment. In 
20 this case, taking advantage of tuning, an angle between the 
line segment O1O4 and the line segment Oi'04' is in a range 
of 90 degree, resulting in smaller dp. 
[0221] 

Next, for orientation error in the same manner as 
25 above, the n-th moment of paired orientation error is 

calculated based on distribution data of orientation error 
of the single ferrule. 
[0222] 

As shown in Fig. 4A, the ferrules 1 and 1' are in 
30 contact with each other on the end faces lb and lb' inside 



the split sleeve 5. The thrpugh-holes la and la' are 
tilted to the outer surfaces Ic and Ic' by 9 and 9' degree, 
respectively, in the cross-section. However, when 
considering tilting with (p and cp' along any angular 
direction in the contact face, a relative angle between an 
orientation error vector r of the ferrule 1 and an 
orientation error vector r' of the ferrule 1' means the 
paired orientation error. 
[0223] 

Here, a method for synthesizing the two n-th moments 
of dimension parameters in consideration of an angle 
between the two dimension parameters will be described 
below. 
[0224] 

Fig. 16 illustrates that a vector of dimension 
parameter 1 and a vector of dimension parameter 2 are 
summed to produce a vector of dimension parameter 3. In 
typical 4-phase tuning, each direction of each vector is 
evenly distributed in the same range of 90 degree. The 
magnitude of the dimension parameter 3 can be represented 
by the dimension parameters 1 and 2 and the angle (92-91) 
using the cosine formula of trigonometric function. Hence 
the n-th moment of the dimension parameter 3 can also be 
represented by the dimension parameters 1 and 2 and the 
angles 91 and 92 and the probability distribution thereof. 
Then, by integrating it with respect to the angles 91 and 
92, the n-th moment of the dimension parameter 3 can be 
represented by only the n-th moments of the dimension 
parameters 1 and 2. 
[0225] 
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The two n-th moments of ^ angle parameters are also 
synthesized in consideration of an angle between the two 
angle parameters using the above-described method. 
[0226] 

5 Thus, both of the n-th moment of the paired axial 

misalignment and the n-th moment of the paired orientation 

error can be calculated. 

[0227] 

Next, returning to Fig. 14, from the n-th moment of 
10 the tuned and paired axial misalignment, the n-th moment of " 
connection loss due to axial misalignment is calculated by 
Equation 3. Further, from the n-th moment of the paired 
orientation error, the n-th moment of connection loss due 
to orientation error is calculated by Equation 5. 
15 [0228] 

The n-th moment of the total connection loss can be 
calculated by summing the n-th moment of connection loss 
due to axial misalignment, the n-th moment of connection 
loss due to orientation error, and the n-th moment of 

20 connection loss of the split sleeve. In a case of given 
data being distribution of dimension or angle parameter 
rather than distribution of connection loss of the split 
sleeve, the n-th moment thereof can be calculated by 
transforming it into distribution of connection loss using 

25 Equation 3 or 5. Specifically, an example of the 1st 

moment, i.e., average will be discussed below. In a case 
of each connection loss containing a .different factor being 
sufficiently low, it is enough to sum up each connection 
loss due to each factor. Hence, the total connection loss 

30 means the sum of connection loss due to axial misalignment. 
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connection loss due to orientation error, and connection 
loss of the split sleeve. In other words, the total 
connection loss XL can be represented by the following 
equation, using the connection loss ILa due to axial 
misalignment, the connection loss IL9 due to orientation 
error, and the connection loss ILs of the split sleeve. 
[0229] 

(Equation 17) 
[0230] 

Incidentally, each connection loss is non-negative. 
The respective 1st moments, i.e., averages, are expressed 
as <ILa>; <ILe>; <ILsi>; <IL>, respectively. Since each 
connection loss due to axial misalignment, orientation 
error and the split sleeve is independent mutually, the 1st 
moment, i.e., average of the total connection loss can be 
represented by the following equation. 
[0231] 

(Equation 18) 
[0232] 

The number of data of dimension parameters used for 
the present invention is preferably at least 10, more 
preferably 100 or more, because the more data can form 
smoother probability distribution in histogram of dimension 
parameter . 
[0233] 

Further, resolution of data of dimension parameters is 
preferably 0.1 ym or below, more preferably 0.05 iim or 
below, because smaller resolution of data can calculate the 
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n-th moment with higher precision. 

[0234] 

In the above-described embodiment, connection loss is 
calculated using both of axial misalignment and orientation 
error. For example, in a case of orientation error being 
very smaller than axial misalignment, connection loss can 
be calculated using only axial misalignment. " In adverse 
case, it can be calculated using only orientation error. 
[0235] 

While introducing alignment technique for matching a 
misaligned direction with a particular direction to reduce 
connection loss of optical connectors,, the method for 
estimating connection loss of an optical connector, 
according to the present invention, may be employed. 
[0236] 

The present invention can provide a simulation 
software by using the above-described method for estimating 
connection loss of an optical connector. 
[0237] 

It is preferable to use the integrated spreadsheet 
software "Excel" for personal computer because of 
convenient, low-cost and common means. Otherwise, BASIC,, 
FORTRAN, or C language may be used, thereby attaining the 
same performance as the present invention. 
[0238] 

The method for estimating connection loss of an 
optical connector, and the simulator using the same, 
according to the present invention, can be applied to not 
only a single-mode optical fiber but also a multi-mode 
optical fiber. 



63 



[0239] 

A specific example will be described below. 
[0240] 

By using the simulator for estimating connection loss 
of an optical connector;, according to the present invention, 
as shown in Fig. 14, simulation was performed using 
distribution data with inner diameter of ferrule of cpl25.2 
to 125.7 lam, coaxiality of 0 to 0.8 ym, outer diameter of 
(p2.4989 to 2.4992 mm, orientation error of 0.02 to 0.14 
degree, and coaxiality of optical fiber of 0 to 0.4 \m., 
outer diameter of 124,8 to 125.3' jim. Fig. 17A illustrates 
distribution of axial misalignment of single-plugs and 
distribution of difference in outer diameter of ferrules, 
which are calculated based on the dimension data. Here, 
distribution of difference in outer radius of ferrules 
means distribution of difference in outer radius of 
ferrules with two plugs paired, which can be calculated 
from the distribution of difference in outer diameter of 
ferrules. The average and the standard deviation of 
connection loss are shown in Fig. 17B. 
[0241] 

Next, as a comparative example, another simulator was 
performed.- ...The resulting connection loss exhibited the 
average of 0.07 dB in a case of no tuning. In another case 
of tuning infinitely, it exhibited 0.01 dB because each 
axial misalignment of the paired plugs is in the same 
direction. 
[0242] 

As described above, it was verified that the method 
for simulating distribution of connection loss, according 
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to the present invention^ by. calgulating each axial 
misalignment based on distribution data of dimension 
parameters of both of a ferrule and an optical fiber, and 
orientation error based on distribution data of angle 
parameters of the ferrule, and then calculating the sum of 
the axial misalignments and/or the orientation errors in 
terms of vector quantity in a plane perpendicular to an 
axial direction of the optical fiber and the ferrule, and 
then calculating the n-th moments of axial misalignment and 
orientation error in a connection state, and then 
calculating the n-th moment of connection loss based 
thereon, could attain the approximately same values as in a 
method using another simulator. 
[0243] 

In addition, time requirement of the present invention 
was several tens of minutes including data inputting, while 
time requirement of practical measurement in the 
comparative example was several tens of hours including 
sample manufacturing, measurement, and data compiling. The 
present invention could easily attain distribution data of 
connection loss in no need of a large number of man-hours 
and costs. 

[INDUSTRIAL APPLICABILITY] 
[0244] 

The present invention can provide valuable techniques 
in light of estimating by simulation distribution data of 
connection loss of optical connectors used for optical 
communications . 



